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[57] ABSTRACT

A call message service arrangement in a telephone sys-
tem. The arrangement automatically generates and
stores a callback message for a called station responsive
to a signal from a station served by the system that is
assoclated with the call. If the arrangement is activated
from the calling or called stations, a message 1s stored
including the identity of the calling station. If the call
has been redirected to another station for any reason,
the identity of the other station or that of the calling
station may be stored in the message responsive to dif-
ferent signals from the stations. Message waiting lamps
are automatically lit and extinguished to alert called

- parties of the presence of stored messages.

39 Claims, 41 Drawing Figures
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... TECHNICAL FIELD
The invention pertains to telephone systems in gen-
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15

eral, and particularly to call coverage and message

related services in telephone systems. More particu-
larly, the invention pertains to party initiated automatic

message - services -referred to- herein: as ;“leave word
calling” (LWC) and “coverage callback” (CC). .~

BACKGROUND OF THE INVENTION

Call .éaverage' arrange‘me_nts in telephone systems

allow calls directed to a principal’s.telephone station. to
be.answered by someone .other than the principal for
the purpose of receiving messages, etc. Such arrange-
ments have typically consisted of call answering pools;
bridged appearances of principals’ lines at secretaries’
stations and call pickup services. Call pickup operates
by allowing a call directed to one station of a defined

group of stations to be answered by any other station in

the group. Typically, the answering station in the call
pick-up group goes off-hook and dials a special access
. code. The call is then automatically transferred to the
~_ answering station. In the typical bridged appearance
' situation, a secretary or attendant answers a principal’s

station by depressing a dedicated button to bridge onto
the principal’s line, The answering party may receivea

principal and alert the principal by 4o textual message. o

message for the _
depressing a dedicated button to light a message waiting
lamp at the principal’s station. =~~~ .

More recently, automatic callback and electronic
mail services have enhanced telephone party services.

Automatic callback 'services typically allow a calling 45

party to request a system to automatically monitor a
busy called station and initiate a call to both stations
when both are idle. Electronic mail services require
~ sophisticated terminals, such as a keyboard at a caller’s
station and a cathode ray tube (CRT) display at a called
station. A caller dials a special telephone number to
connect with the electronic message service and.then
types in a textudl message to be stored and later read on
the CRT by the intended principal. ™~ =~ = v

Electronic mail, while offering excellent message

service, is inherently expensive and thus limited in most
applications to preferred partiés. Automatic callback,
while being effecive, is not sufficiently flexible to meet
the needs of all users. The various types of:manual
- message services, on the other hand, are cumbersome,
slow and expensive in terms of personnel time. Thus,

there is a need in the telephone art for a flexible, inex- *

pensive and convenient message service. © -
SUMMARY OF THE INVENTION

The above problems are solved and an advance in the
state of the art is obtained in an arrangement for provid-
ing calling message service in a telephone system serv-
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ing a plurality of stations. The system automatically
generates a callback message for a called principal sta-
tion in response to an activating signal from one of the
stations having an association on a call to the principal
station. The message includes the identity of a station
also having an association with the call and being identi-
fied by a predetermined algorithm. The system stores
the message in a system memory and automatically
operates a message waiting indication for the principal
station to alert the principal of the presence of the mes-
sage. L o o
‘The call message service is illustratively referred to as
“Leave Word Calling” (LWC) service. LWC service is
an integrated part of a sophisticated and comprehensive
message service and call coverage arrangement. The
arrangement allows automatic callback message genera-
tion on calls to principal stations and/or redirection of
calls to be prespecified call covering stations, such as

- secretary stations and/or message centers, under de-

fined conditions. .. . .. - e o

~Some stations served by the system are equipped with
a LWC button used to activate the generation and stor-
age of a LWC message. Alternatively, this feature may

25 be activated by a dial access code from stations not

equipped with a LWC button.

‘The LWC feature may be activated at any time dur-
ing a call from any station having an association with
the call. Such stations are, for example, the calling sta-

- tion, the called principal station, and an answering sta-

tion. In each case, a message is stored which requests
that the principal return a call to the calling station. The
calling station is defined as the answering station for
purposes of the LWC message when the answering
party activates the feature. This allows an answering
party to accept a textual message other than a simple
callback request for the principal from the caller and to
generate and store conveniently an LWC message for
the principal to call the answering party to receive the

- In accordance with one feature of the invention, a
caller having a station equipped with an LWC button
may activate the generation of an LWC message by
depressing the LWC button after going off-hook and
dialing the number of the principal station. By way of
example, if a talking state is established with either the
principal station or an answering station when the LWC
feature is activated, the talking state is unaffected. On
the other hand, the call is terminated by activation of
the LWC feature for any other call state.

- A caller may activate the LWC feature without ring-
ing' the principal by operating the LWC button after
receiving dial tone and before dialing the number of the
principal station. To activate the LWC feature from
stations' not equipped with an LWC button, the caller
must reinitiate dial tone, such as by flashing the station
switchhook. The caller dials a special access code after
receiving dial tone and then dials the principal station
number. The principal station is not rung after activa-
tion of LWC by special access code. = '
_In the illustrative system to be disclosed, calls may be
redirected ‘to other stations until specified conditions
such as in call pickup or call forwarding situations. In
other circumstances, calls may be automatically redi-
rected to'call covering stations. Covering stations may
be equipped with a second button called a “coverage
callback” (CC) button. An operation of the CC button
by a covering party on a principal call also activates the
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generation and storage of an LWC message. However,
the LWC message generated in response to the CC
button requests the principal to callback the calling
party rather than the covering party.

Stations equipped with LWC and CC buttons are
equipped with confirmation lamps associated with each

button. The appropriate lamp is lit after an operation of

~ the respective button to confirm that the callback mes-
sage has been successfully stored in memory. For dial

access stations, a special confirmation tone is given to

the activator as an indication of the successful storing of

the message. If a message cannot be successfully stored
for any reason, a failure signal is given to the activator.

In the preferred embodient, a main processor is pro-
vided to control the switching operations of the tele-
phone system. To relieve the memory requirements of
the main processor, an applications processor and disc
storage subsystem is provided. The main and applica-
tions processors communicate with each other via a
data interface unit and channel. The main processor
controls the generating and routing of LWC messages
to the applications processor. The main processor also
controls the lighting of automatic message waiting
(AMW) lamps, under the direction of the applications
processor at stations to alert principals of the presence
of LWC messages. |

To retrieve LWC messages, a principal station may
be equipped with an illustrative 40 character alphanu-
meric display unit. An agent, such as a secretary
equipped with a display, is called for message retrieval
for principals whose stations are not equipped with a
display. In either event, an LWC message retrieval is
initiated by operating a message retrieval button on the

display. This places the display in a retrieval mode. A

STEP button on the display is depressed to display the
first (or next) message. Each message contains the name
of the caller, the date and time of the call, an Aor P to
indicate A.M. or P.M. respectively, a count (up to a
prescribed maximum) of the number of times an LWC
message was activated for the principal from the calling
station, and the number of the calling station. If the
count is greater than one, meaning that more than one
LWC message was activated from the same calling
station, only the most recent message is actually stored
for retrieval. e

The system is arranged such that a displayed message
is automatically retained in storage unless it is deleted
by cancellation or by the operation of a DELETE but-
ton associated with the display. The next stored mes-
sage, if any, is not displayed until the STEP button is
again operated. When there are no more messages to be
displayed, a suitable “no messages” indication is dis-

played in response to the STEP button operation.

- A party may cancel a LWC message from a station
that is the callback station in the message. This is ac-
complished by first depressing an LWC CANCEL
button while receiving dial tone at the caller’s station,
or by dialing a cancel dial access code. The caller then
identifies the principal station by dialing the principal
station digits. As a result, the appropriate message iIs
deleted, confirmation tone is given to the caller, and the
AMW lamp may be updated, if appropriate, at the prin-
cipal station.

Certain stations may be assigned the option of being
locked to protect against the retrieval and cancellation
of LWC messages by unauthorized persons. To accom-
plish this, restricted dial access codes are used to lock
and unlock a station. When locked, the CANCEL but-
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ton on a display set associated with the station is ineffec-
tive and the display may not be placed in any retrieval
mode.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing

FIG. 1 shows a block diagram of an illustrative cus-
tomer premises telephone system in the form of a pri-
vate branch exchange in which the invention might be
practiced; L |

FIGS. 2 and 3 show illustrative telephone stations
which are used in the system of FIG. 1;

FIGS. 4 through 8 show data table layouts used by
the program which controls the system of FIG. 1;

FIGS. 9, 10 and 11 symbolically illustrate certain
ones of the stations in their status as principal stations
and illustrative call coverage paths for each of the prin-
cipal stations; |

FIG. 12 lists a plurality of pertinent software defined
call processing states which define states of calls during
their processing in the system. Pertinent stimuli which
cause call processing activity to be executed for a call
also listed for each of the call processing states, together
with an identification of program routines described
herein which are executed as a result of the stimulus;

FIGS. 13 through 21 show flowcharts for program
routines which control primarily the call coverage path
redirection aspects of the FIG. 1 system;

FIGS. 22 through 29 show similar flowcharts pertain-
ing to LWC and CC message processing;

FIG. 30 shows the program flowchart used for updat-
ing the on/off status of automatic message waiting
lamps or stations in response to the storing of messages
for principal stations;

FIG. 31 shows the program flowchart responsible for
placing stations in locked and unlocked states to control
the unauthorized retrieval of stored LWC and CC mes-
sages; -

FIGS. 32 through 36 show LWC and CC message
retrieval program flowcharts; and |

FIGS. 37 through 41 show flowcharts of several
subroutines which are called at various places in the
foregoing program structure.

GENERAL DESCRIPTION

The invention is illustratively embodied in a customer
premises telephone system which provides a compre-
hensive call coverage arrangement.

A set of call coverage criteria is stored in memory
specifying conditions under which calls directed to a
principal station will be redirected to coverage. The
identity of a first covering station for the principal sta-
tion is stored. In addition, the indentities of one or more
other covering stations for the principal station are
stored along with an indication of the order of prefer-
ence of the covering stations. The coverage criteria are
examined in response to a call to the principal station
and, at such time as a criterion is satisfied, the call is
redirected to the first covering station. If the call re-
mains unanswered at the first covering station for a
prescribed period of time, it is then automatically redi-
rected from the first covering station sequentially to
each of the other covering stations in the specified order
of preference until the call is either answered or aban-
doned. |

The coverage criteria are comprehensive in compari-
son with the known art. Significantly, the criteria may
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be based on the class of an arriving call as well as the
state of the principal station. A call to the principal
station may be redirected immediately to coverage, or
directed only to the principal station, or directed first to

the principal station and then redirected to coverage if 5

the principal station is not answered within a specified
period of time, all in accordance with the coverage
criteria which, as will be seen, include options based on
both the class of the call and the state of the principal
station.

In traditional telephone systems, a station has one line
or a plurality of lines each associated with a different
select button. In the system to be disclosed, a station
may be equipped with a single line having plural call
appearances each associated with a separate button or
plural lines each having plural call appearances. Each
call appearance may simultaneously be associated with
an independent call function. Thus, for example, a. sta-
tion might have a line with three call appearances on
which at any given time one appearance might have a
call on hold, the principal might be conversing with a
-caller on another appearance, while an incoming call
might be ringing on the third appearance. If one or
more of the call appearances of a station line are in-
volved with a call function, the station line is defined to
be in an active state. If all the call appearances are ac-
tive, the station line is defined to be both busy and ac-
tive. Illustratively, the coverage method to be described
generally operates with respect to a single station line.
Thus, a station having plural lines may specify different
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to send all calls to cover for screening and the secretary

may wish to advise the principal to answer the call in

question. To prevent the call from the secretary to the
principal from also being redirected to cover in accor-
dance with the coverage criteria, the call is class
marked as a “priority”’ call. This class of call is automat-
ically preempted from coverage.

The “send all calls” (SAC) aspect of the coverage
method operates in part similarly to conventional sys-
tems. A principal can activate the feature by means of a
dial access code or, for stations having feature buttons,
by operating a dedicated SAC button. In either case, all
future calls are redirected to coverage until the feature
is deactivated. The system disclosed here expands the
use of the SAC feature by making it functional with
respect to one or more calls that are currently arriving
at a prmc1pa1 station. Thus, a principal for which the
SAC feature is not active may merely dePress the SAC
button to promptly dispose of an arriving call, if de-
sired. The feature illustratively remains active thereaf-

- ter until the button is again depressed. To redirect only
~ an arriving .call without retaining the feature active

25

30

coverage criteria for each line. To simplify this teaching

~and as an aid to an understanding of the invention, it is
assumed throughout the discussion that each station
served by the system is equipped with a single line
which may have plural call appearances, it being under-
stood that the claims are not to be so limited.

With the above as background, the illustrative cover-
age criteria may be more specifically defined. With
respect to the state of a principal station, and in accor-
dance with one preferred embodiment, a principal may

35

state, the principal need only dep_rgss_ the SAC button
twice in succession. |

DETAILED DESCRI PTION

|  In the drawing, the first digit of three digit designa-

tion numbers and the first two digits of four digit desig-

- nation numbers reference the figure number in which

the corresponding element appears. Thus, elements 305
and 1602, for example, appear in FIGS. 3 and 16, re-
spectively.

FIG. 1 shows one digital communications system in
which the invention may be embodied. The system
includes four major components—a control processor
101, a switch 102, an applications processor (A/P) 103
and a message-center (MC) 104.-The control processor

- 101 includes a central processing unit (CPU) 107, which

40

specify that calls be redirected to coverage only if the

station is. “active”, or only if the station is “busy”, or

only if the principal station is not answered within a

5peclﬁed period of time. With respect to the class of an

incoming call, a pr1n01pal may specify that only calls
originated from stations served by the system (internal

45

calls) be redirected to coverage, or that only calls origi-

 nated from calls not served by the system (external
calls) be redirected to coverage. The above call class

coverage options may be combined in any way with the

station state coverage options. Thus, if a principal de-
sn*es, for example, only external calls directed to an

“active” station will be redirected to coverage, or only
internal calls directed to a “busy” station will be redi-
rected. Similarly, all calls may be immediately redi-
rected by selecting both “cover all internal calls” and

“cover all external calls” options. As another example,
a principal may elect that either external calls or inter-
‘nal calls, or both, be redirected only if the principal

50

might be any of a number of commercially available
processors, which using instructions and data stored in
memory 108, controls the major operations of the sys-
tem. In particular, CPU 107 controls the operations of
switch 102 by means of channel 114. In addition, con-
trol processor 101 communicates with the AP 103 by
means of a data connection including a digital channel
mterface unit (DCIU) 110 and a digital data channel
111.

Sw1tch 102 is a digital switching network compnsmg

mterconnectlons betweén internal stations, such as
106-1 to IGO-N and between the internal stations and

trunks 109 to a local central office (not shown). Each of

~ the internal stations and trunks connect to network 106

53

station doesn’t answer within the specified period of 60

time. In short, the principal has complete flexibility to
speclfy the mverage criteria desired within the illustra-
tive coverage environment.

There are certain types of calls for Wthh call cover-
age does not apply. As will be explained, one such type
is a call from a covering party, such as a secretary at a
covering station, to the principal in response to a call
covered by the secretary. The principal may have opted

65

by means of interface port circuits 105 and 116. CPU
107 communicates with the stations and trunks by
means of these port circuits via connection 114 and
input/output interface circuit 118.

DCIU 110 interfaces CPU 107 and AP 103 over a
data access channel. AP 103 comprises its own central
processing unit AP/CPU 112 which can be imple-
mented by a commercial microprocessor and a mass
memory 113 for administering data-intensive features,
such as leave word calling (LWC) and message center
104 management. LWC messages, for example, are
stored and retrieved from mass memory 113. A DCIU
interface program, which is not discussed in detail,
controls the transmittal and reception of data to and
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from the AP. Mass memory 113 might be any of a num-
ver of commercially available disc systems.

MC 104 illustratively serves as a final covering point
for calls directed to principal stations. A detailed under-
standing of the MC is not necessary for an understand-
ing of the invention and will be described only gener-
ally. The system may have a plurality of MCs although
only one 1s shown for simplicity. An operator position
in the MC comprises a station such as 100-N and a visual

display terminal and keyboard 117. Only one of these
positions is shown in FIG. 1 although an MC may con-
tain several operator positions. The stations of an MC

are accessed as part of a uniform call distribution
(UCD) group. A call directed to a principal station and
which is redirected to MC 104 for coverage arrives at a
station such as 100-N. At the same time, CPU 107 in-
forms AP 103 of the covered call at station 100-N and
the principal station for which the call is intended and

the reason for call redirection. In response, AP 103

accesses a data file in mass memory 113 pertaining to
the principal station and displays information at termi-
nal 117. This displayed information illustratively in-
cludes the station identification and name of the princi-
pal party, the reason the system redirected the call to
coverage, and any textual information the principal may
have included in the data file. The textual information
may include, for exmple, the principal’s whereabouts,
when he or she may return, a message for a particular
calling party, and the like. The displayed information at
terminal 117 may also include information identifying
the calling party.

The displayed information enables the MC operator
to answer the call intelligently as if the operator were
the principal’s secretary. The operator may input a
message for the calling party directly into the princi-
pal’s data file via terminal 117.

Illustrated in FIG. 2 is a typical multifunction statlon
that might be used by a principal. Stations used in the

- illustrative system may be either analog or digital. Spe-

cial features such as leave word calling (LWC) and
send-all-calls (SAC) can be activated from either an
~analog or digital station. Feature activation buttons are
provided on multifunction stations. However, features
may be activated by dial access codes (DAC) from any
station. The station in FIG. 2 has three call appearance
select buttons 201 through 203, associated with its single
line station number 4388. Independent calls may exist
on each of these call appearances simultaneously, al-
though only one call can be in a falking state. Lamps
208 associated with each call appearance are called
I-use lamps and reflect a call appearance that has been
selected by an operation of the associated select button.
- Lamps 209 are status lamps and are lit steady or flashing
to indicate call appearance status such as ringing, talk-
ing and hold states.

In general, most of the buttons on the FIG 2 station
may be assigned as call appearances or as special feature
buttons, as desired. Illustratively, the depicted station
has buttons 206 and 207 assigned as activating buttons
for the SAC and LWC features. When the SAC feature
ts activated by operating button 206, all calls that are
incoming to the station, both future calls and calls that
are currently arriving, are redirected to coverage ac-
cording to coverage information stored in the system
pertaining to this station. The SAC feature is deacti-

vated by operating button 206 a second time. The LWC .

button 207 activates the LWC feature. The I-use lamps
are not used for these feature buttons. The status lamp
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8
204 associated with the SAC button is lit steady when-
ever the feature is activated. LWC status lamp 205 is lit
during a call in response to the successful generation
and storage of an LWC message. Lamp 285 is extin-
guished at the end of the call. This lamp is fluttered if an
LWC attempt is unsuccessful or invalid.

If an LWC message is successfully generated and
stored for the principal associated with the station in

FIG. 2, the principal is alerted of the message by the

illumination of AMW lamp 200 located at the bottom
left of FIG. 2. By way of example, this station does not

include a message retrieval display. To retrieve the
message, the principal might call his or her secretary, if
any, who has a display, or the MC.

FIG. 3 shows a station typically used by a secretary.
It includes essentially the same features as the set in
FI1G. 2. In addition, this station embodies several fea-
tures especially pertinent for a secretary.

One such feature is an illustrative 40 character alpha-
numeric display module 305 used to retrieve LWC and

'CC messages, as well as MC messages that will fit the 40

character display. The display module may be plugged
into the station or the station may stand alone. Messages
for the principal of the station (e.g., the secretary) may
be obtained by operating the MESSAGE/RETRIE-
VAL MODE (MRM) button 306. If the station is in-
cluded in the coverage path of one or more principal
stations, then messages for those principal stations may
be obtained by operating a COVERAGE MESSAGE
RETRIEVAL MODE (CHRM) button 307. After a
message is displayed, the message may be erased from
storage by an operation of DELETE button 308. Other-
wise, the message remains stored for retrieval at a later
time. An operation of STEP button 309 causes the next
stored message or a no further messages indication to be
displayed.

In addition to LWC and SAC buttons, the station of
FIG. 3 illustratively includes a coverage callback (CC)
button 310 and a consult button 311. Both buttons are
operative only with respect to a call which is being
covered at the station. The CC button causes an LWC
type message to be generated and stored. The principal
1s requested to call the calling party instead of the cov-
ering party as in the case of a LWC button operation at
the covering station.

The consult button allows the covering party to call
the principal station for which a covered call was in-
tended on a priority basis. To activate this feature, the
covering agent depresses first either a transfer button
312 or a conference button 313 to put the covered call
on hold. This action also causes the system to select an
idle call appearance. An operation of the consult button
now causes a call to be placed automatically to the
principal station on the selected call appearance. The
consult call is not subjected to call coverage redirection
because of its priority status. A subsequent operation of
the conference or transfer buttons connects the calling,
principal and covering stations or the calling and princi-
pal stations, respectively.

Any of the nondedicated buttons on a covering sta-
tion, such as button 314, may be used for automatic
message waiting (AMW) for a principal station. In such
a case, the button is nonfunctional and the associated
lamp, such as 215, is lit whenever the AMW lamp on the
principal station is lit.
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| Table Description .

FIGS. 4 through 8 show certain data tables used by
the system program in processing calls. In view of our
simplifying assumptions that system stations are
- equipped with one line which might have plural call
appearances, the térms “station” and “station line” are
‘used mterchangeably in the remainder of this document.
FIG. 4 contains parameter tables defining system pa-
rameters defined by the system customer. A given sta-
tion line in the system for which coverage is defined is
assigned to a call coverage group (CCG). Any number
of coverage groups may be defined by the customer.
Table LXI.N6 contains a storage word for each call
appearance in the system defining the coverage group

applicable to that call appearance. A call appearance is
identified by an internal line number (ILN) which is

10

10

GRPFLGI1 contams alif the first covering station is
located in a message center (MC) and a 0 if the ﬁrst
covering station is an individual station.

In addition, each word in COVRTBLI1 has an indica-
tor CVR_PT1 containing the ILN of the first coverlng
station, or an MC number, such as 104, if the covenng
station is part of a MC. If no covering station is deﬁned
for the CCG, CVR_PT1 contains 0.

COVRTBL2 and COVRTBL3 contain the same
information as COVRTBI1 for the second and third
covering stations (if any) for each of the CCGs.

As will be described, before a call is redirected to

‘coverage, the calling party is alerted of this fact and a

_ time interval called the caller response interval (CRI) is

15

arbitrarily assigned. Thus, for example, one call appear-

ance of station 901 (see FIG. 9) is assumned to be as-

signed to ILN 0, which: references the first. word in
LXLN6 and is assigned to CCG: 0. Every word in
LXI.N6 pertaining.to-a call appearance on the same
station line. would have the same CCG number stored
therein, Each word -of LXLNG6 also contains a flag
COV.RET_ALLOW defining whether or not any cov-

provided thereafter and before the call is actually redi-
rected to allow the calling party time to activate an
LWC message, for example, in lieu of going to cover-
age. The number of 2 second intervals selected by the

. customer as the CRI are stored in table CLR_RSP.

20

Once a call has been redirected to coverage, the call
is allowed-to ring at a covering station for only a pre-

- scribed time interval before the call is redirected to the

25

- ering station in the CCG- for this principal station-line

with a display module is allowed to retrieve the prlncl-
pal’s LWC messages. .

A second table LXIL.N contams a word for each ILN
Each word contains a line class of service indicator
CLSRYV for the appropriate station line. CLSRV. con-
tains a number defining a feature capability for the line.
CLSRYV is used as an index to address a line class of

30

service table LCOST4 which specifically defines cer-

tain capabilities for a the line. Only capabilities pertinent
to this disclosure are shown in LCOST4. Specifically, a
flag SNDALL defines whether or not the SAC feature
is allowed to be activated for a given line. A flag
LWC_SND_ASG  defines whether or not the LWC
feature can be activated from a lme, and a flag LWC-
RCV-ASG defines whether a line is authorized to have
LWC messages stored for the line as a principal. ,
Four coverage tables COVRTBLO through

35

COVRTBL3 are shown. Each is indexed by a CCG

number obtained from LXLNG. COVRTBLO contains
the call coverage criteria applicable to a station assrgned
to an applicable CCG. Each word of the table contains
two groups of criteria. The first group CVR.INT per-
tains to criteria applicable to internal calls (calls from
stations served by the system), Within this group are a

45

50

CDA.INT flag meanmg “cover internal calls when the

prmelpal station is not answered”, CBSY.INT meaning

“cover internal calls when the station is. busy”, CAC-
T.INT meaning “cover internal calls when the station is
active”, and CALL_INT meansing “cover all internal
calls.” The second group CVR_-EXT contains flags
corresponding to the internal call flags above but per-
taining to external calls (calls from stations not served
by the system) to a principal station.

In addition, each word of COVRTBLO contams in
CVRPTS the number of ooverage stations defined for
the respective CCG and in PRINC_DA_INTV the
number of 2-second intervals during which to ring a
principal station before redirecting a call to coverage if
the principal station has a cover on doesn’t answer
(D/A) (external or internal) criterion.
COVRTBLI1 contains information pertamtng to the

55
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first covering station for each of the CCGs. A flag '

‘next covering station (if any). The number of 2 second

intervals, formmg this interval is stored in table
CVRRPTDA. .

-FIG. § shows a number of tables collectwely referred
to as the trunk tables. Each trunk table is indexed by an
internal trunk number (ITN). The collection of words.
from each trunk table pertaining to a given ITN forms
a trunk record. Every cell in the system is associated
with an individual trunk record. Only items of interest
to this disclosure are shown in each of the trunk tables.

- Trunk table TRKTBLI contains an indicator PM1
(call processing state mark) which contains encoded
information defining the current cell processing state of
an associated call in the system. Pertinent call process-
mg states are shown in FIG. 12.

~TRKTBL3 contains a priority flag TOLL_BIT. A
call i1s marked as a priority call by setting TOLL_BIT
whenever it is desirable to avoid the possibility that the
call will be redirected to coverage:. One such type of
call is a consult call from a covering station to a princi-
pal station during a covered call for the principal sta-
tion. In such a case; the consult call should not also be
redirected to coverage if a pnncrpal station eoverage
crlterlon happens to be satisfied.

- TRKTBLA contains a flag TL1 spe01fy1ng whether a
call is an internal or an external call. For an internal call,
an item FAC1 in TRKTBL4 contains the ILN of a
calling internal station. A similar arrangement is pro-
vided for FACI for external calls. | |
- TRKTBL6B contains an item PRINCIPAL which
stores the ILN of a station called as a principal station.
If a call has been redirected to coverage, an item
REDIR_REASON contains encoded information spec-
ifying which coverage onterron was satisfied causmg
the redirection.

TRKTBL6C contains an item R]EDIR.TYPE which
contains 0 if a call has not been redirected and otherwise
a number identifying whether other call options such as
call forwarding or call pickup has occurred on the call.
In addltlon, TRKTBLG6C contains an CVRPT_NUM
the sequence number, i.e. first, second or third covering
point, of a current eoverlng statlon, rf ‘applicable, on a

| call

TRKTBL7 contains the dialed digits D1 through D4
of a called station directory number.
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FIG. 6 shows a line status table LSTWD1 indexed by
ILN. Each word contains a SAC_STAT flag set to 1 if
a SAC feature has been activated. In addition, each
word contains an item TRKNUM which stores the ITN
index to the trunk tables for a call pertaining to a given
station. |

When the SAC feature is activated at a station, any
call that is in the alerting phase at the station at that time
is automatically redirected to coverage. There may be
several stations requiring call redirection due to SAC
activation during the same relative time period. Because
of real-time considerations in the system, each such call
is redirected sequentially in a way to cause the least
system real-time impact. This is accomplished in part by
generating a SAC stimulus for each of the calls to be
redirected from any station. Each stimulus is loaded
into a separate word of table SAC_QUE and each stim-
ulus is processed as a separate call processing activity.
The beginning and end addresses of the active words
requiring processing in SAC_QUE are derived from
tables SAC.QPTR and NUM_SAC.

The remaining tables of FIG. 6 contain information
pertaining primarily to the LWC feature. EKT_STA
contains a flag LWC_ACT_ON which is set whenever
an LWC message is successfully stored for a principal
station. If LWC is activated as a result of a COVER-
AGE CALLBACK (CC) button operation at a cover-
~ing station, the flag CVCB_ACT.ON is set instead.
EXT_STAZ2 contains a flag MSG_LCK_ASG which is
set if a station is authorized to be locked. EKT_STA2
also contains an item CXF.LN which stores an identifi-
cation of a select button placed on hold in response to
the operation of the consult button at a covering station.
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This item is used in identifying a principal station on a

covered call for use in implied principal addressing. In
addition, whenever an internal call is made from a mul-
tifunction station, the dialed station digits are routinely
stored in item LAST_-NUM. MSG_UNLCKD in table
DSP_STO is 0 when a corresponding station 1s locked,
thereby preventing message retrieval or cancellation
from that station until it is unlocked. These tables are
indexed by a station index number which identifies the
station rather than a call appearance on a station which
is identified by ILN.

FIG. 7 shows tables used to transfer LWC, CC and
MC related information between the control processor
101 and the applications processor 103 of FIG. 1 via the
data channel interface unit (DCIU) 110. Message send-
ing table SND_XCTB contains an item SND._XC-
T_TYPE which stores an encode describing the type of
information transmitted to the AP. Four types of trans-
mittals are of interest here: (1) an LWC or CC message
being sent to the AP for storage; (2) a request to cancel
an LWC or CC message pertaining to specified calling
and principal stations; (3) an LWC or CC message re-
trieval request; or (4) a message delete request. A cancel
request removes messages from storage before a princi-
pal has retrieved it. A delete request removes a message
after display. For LWC and CC message storing, delet-
ing and cancelling transmittals, item SND_XCT.EXT
contains the directory number of the station requesting
callback from the principal station and item SND.XC-
T_.BUF contains the directory number of the principal
station. Since LWC and CC messages are predefined
types of callback request messages, no message text is
sent to the AP. For message retrieval requests, only the

principal (or requesting) station need be identified in
SND_XCT.EXT.
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" Message receiving table RCV_XCTRB is used to trans-
mit both LWC or CC messages and in certain cases MC
messages from the AP to the control processor for
display at the appropriate principal display modules.
The table is also used to transmit automatic message
waiting lamp update information for principal stations.
Item RCV_.XCT-TYPE contains encoded information
identifying whether a given transmittal contains a mes-
sage, whether the included message is the last message
for a station, or whether there are no messages. The
principal station is identified in item RCV_XCT_EXT.
RCV_XCT_TYPE also identifies a message waiting
update transmittal. In this case, item RCV_XCT_STAT
contains an on/off state for updating the message wait-
ing lamp for the principal station. Encoded information
in RCV_XCT_-MSGTYPE identifies whether the trans-
mittal is an LWC/CC message or an MC message. Any
message text, such as from an MC, is stored iIn
RCV XCT.BUF.

- A given station may have up to three appearances of
its automatic message waiting (AMW) lamp. This al-
lows a principal station to have an AMW lamp and for
up to two other stations to have AMW lamps for the
principal station also. AMW lamps on multifunction
stations are updated by sending control signals directly
to the stations. Provision is also made for stations not
equipped with multifunction buttons to be equipped
with AMW lamps. In this case, AMW lamps are con-
trolled from the associated station line circuits which
have wiring to the lamps.

The tables in FIG. 8 allow the automatic update of all
message waiting lamp appearances on the stations.
Table AMWPTRS is indexed by the ILN of a station in
response to a lamp update transmittal from the AP to
retrieve an item LAMPTR. LAMPTR points to the
appropriate location in tables AMW_APP1 and AM-
W_APP2 for the principal station. These tables may
have 1, 2, or 3 words per station corresponding to the
number of appearances of the principal station AMW
lamp. This is illustrated by entry 1 in tables AM-
W_APP1 and AMW_APP2, which is shown to have 3
words for 3 lamp appearances, and by entry R which
has only one word for a single lamp appearance. A
single lamp appearance would appear in most instances
on its principal station, An item LAST.APP in table
AMW_APP2 flags the last entry in the table pertaining
to any given station line. Item AMW_STA_NUM in
table AMW_APP1 contains a station number for muiti-
function button stations or a flag for other stations. If
AMW_.STA_NUM identifies a multifunction station,
AMW_BTN.ID contains an AMW lamp identification
by means of which the lamp may be controlled. Other-
wise, AMW_BTN.ID contains the ILN of a non-mul-
tifunction station, by means of which the appropriate
iine circuit may be addressed to control the AMW
amp.

Program Description

FIGS. 9 through 11 show illustrative ones of stations
100, here identified as 901, 902, 1001 and 1002, in their
status as principal stations and illustrative call coverage
group (CCQ) assignments for these principal stations.
These assumed assignments are used herein as examples
for discussing the operation of the system. In FIG. 9,
station 901 is assigned to CCGO0. CCGO consists of sta-
tions 902, 903 and MC 104 as the 1st, 2nd and 3rd cover-
ing station points, respectively.
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Stations 1@01 and 1002 are assigned to CCGE shown
in FIG. 10. CCG1 consists of only two covering station
points. The first covering station point is station 902,
which is also the first covering point in CCGO0. The
second covering station point in CCG1 1s MC 104.

Station 902, although a covering station in CCGs §
and 1, also has a status as a principal station, as all sta-
tions in the illustrative system. FIG. 11 shows that sta-

tion 902 is assigned to CCG2 which has only MC 104 as
a covering point. )

In accordance with the above assumed coverage
arrangement, calls to stations 901, 1001 and 1602 will
first be covered by station 902, if available. Calls to
station 901 will be secondarily covered by station 903 if
202 is unavailable, and finally by an operator at MC 104.
Calls to stations 1001 and 1002 will be secondarily cov-
ered by MC 104 if station 902 is unavailable. Calls to
station 902 as a principal station will be covered by MC
104.

The data shown in call coverage tables LXI.N6 and
COVRTBL1 through COVRTBL2 in FIG. 4 illustra-
tively set forth the above coverage arrangement for
CCGs 0, 1 and 2. In addition, as shown in table
COVRTBLY, it is assumed for illustration that all inter-
nal and external calls to CCGO principal stations are
- immediately covered (CALL_INT and CALL_EXT).
All external calls to CCG1 stations are covered when
the stations are busy or not answered and internal calls
are covered when. stations are busy (CBSY.EXT,
CBSY.INT, CDA_EXT). CCG2 stations have only
- external calls covered when the stations are active or do
not answer and internal calls are covered or busy.

~ Call Coverage

For purposes of 1llustratlen, eonmder an Internal call
from station 1001 to station 901. FIG. 9 shows that
station 901 has a coverage path cenmstmg of stations
902, 903 and MC 104. Recall that station 901 has elected
" to have all internal and external calls covered immedi-
ately. Assume that covering station 902 is unattended,
and that covering station 903 has its SAC feature active.

FIG. 13 depicts the program (CPRTNG63) entered in
response to the dialing of the station 901 number from
station 1001. The dialed station number is translated at
step 1302 into the internal line number (ILN) of princi-
pal station 901. CPRTNG3 next calls the CVR.CHK
subroutine at step 1303 to determme if any coverage
criterion is initially satisfied.

Subroutine CVR_CHK, shown in FIGS. 37, 38 and
39, returns a zero if the coverage criteria checked by the
subroutine are not satisfied. If one criterion is satisfied,
CVR.CHK returns a one. At decision 3702, it is deter-
mined from item REDIR_TYPE in trunk record
TRKTBL6C (FIG. 5) whether the current call has
previously been redirected to coverage. If so,
CVR_CHK returns a zero to the calling program. Since
the example call has not yet been redirected, the subrou-
tine proceeds to decision 3704 which finds out from bit
TOLL.BIT in table TRKTBLS3 if the call is a priority
call. If so, zero is returned. It i1s recalled that a priorlty
call is one, such as a consult call, on which coverage is
not allowed. The example call is not such a call, so at
decision 3706 the subroutine determines if conventional
call forwarding is active. This interrogation is made
because conventional call forwarding 1s illustratively
given preference over call coverage in the preferred
embodiment. Since call forwarding is assumed to be not
active at station 901, at decision 3708 subroutine
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CVR_.CHK checks bit SAC_STAT in table LSTWD1
(FIG. 6) to determine if SAC is active at station 901.
If SAC is active, step 3709 sets REDIR_TYPE to
indicate that the call is being redirected because of cov-
erage (as opposed, for example, to call forwarding) sets
REDIR.REASON to SND.ALL at step 3710 to ind:-
cate that all calls to the station are being redirected, and
CVR_CHK returns a 1 to the calling program. Since
SAC is not active at station 901, the appropriate call
coverage group (CCG) is fetched at step 3712 from
table LXI.N6 (FIG. 4). |
If the principal station has no coverage group as-
signed to it, zero is returned to the calling program at
step 3713. Since station 901 is assigned to CCGO0, TL1 in
TRKTBL4 (see FIG. §) is interrogated at decision 37135

to determine whether or not the call is from an external
'_statlon

Since this call is internal, program execution contin-
ues at step 3801 in FIG. 38. If the call had been external,
program execution would have continued at step 3901
in FIG. 39 where coverage cntena pertalnmg to exter-
nal calls are tested. | -

Decision 3801 in FIG. 38 reads the four-bit item
CVR.INT in COVRTBLO (seec FIG. 4). If the value of

the item is 0, there are no internal call coverage criteria

and CVR_.CHK exits ¢ at terminal 3802. Step 3801

determines that some internal call coverage criteria are
present. BEach of the internal criterion other than the
“doesn’t answer” criterion is tested individually in FIG.
38. In this example, decision 3803 determines that CAILL-

'L_INT is set, meaning that all internal calls to station

901 are to be covered. Step 3804 therefore ‘sets
REDIR.TYPE to call coverage and step 3805 sets

- REDIR_REASON to cover all ealls before CVR_CHK
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returns a 1 at terminal 3806.
“Under other circumstances, other tests are made on

- coverage criteria for internal calls by subroutine
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CVR_CHK. If CALL_INT had not been set, bit CAC-
T-INT would have been evaluated at decision 3807 to
determine if coverage applies when the principal station
is active on one or more call appearances. If so, step
3808 would determine whether all call appearances are
idle. Bit CBSY_INT would have been checked at deci-
sion 3813 to determine if internal calls are to be covered
when the principal station is busy (all call appearances
active). In each of these last-mentioned tests, if a cover-
age criterion is satisfied, REDIR-TYPE is set to indi-
cate call coverage and REDIR_REASON is set to re-
flect the criterion satisfied.

Calls from outside the system (external calls) are
evaluated by the branch of CVR_.CHK shown in FIG.
39. This branch is essentially identical to the one dis-
cussed above in FIG. 38 except that the external call
criteria in item CVR_EXT of FIG. 4 are interrogated.
Therefore, the steps of FIG. 39 are not discussed in
detail.

In the example call, subroutine CVR.CHK edited 1
at terminal 3806 to the calling program in FI1G. 13.
CVR.CHK also returns the CCG number 0 assigned to
the principal station 901, Decision 1304 determines
from the return 1 that some immediate coverage crite-
rion are satisfied and transfers program control to
CV_STA1 (FIG. 14).

CV_STAI1 first executes at step 1402 the subroutine
FND.CVPT (depicted in FIG. 41) to locate an avail-
able covering station, if any, for station 901.

With reference to FIG. 41, FND_-CVPT first sets up
a loop in step 4103 to test in sequence the coverage
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tables COVRTBL1, COVRTBL2 and COVRTBL3 to
locate an available covering station. Step 4106 reads the
appropriate word, determined by the CCG number, of
- one of the cover tables COVRTBL], 2 or 3 (see FIG. 4)
as Indicated by the loop. The first assigned covering
station in COVRTBL1 is examined first. Group.flag
GRPFLG1 of the read word is evaluated at decision
4107 to determine if the covering station is in a message
center. The first covering station 902 is station 901 is not
In a message center. Subroutine FND_.CVPT therefore
- makes three checks to discover if the station is available
to cover the call to the principal station. If the covering
station has call forwarding or SAC set (decisions 4108,
4109) or 1if there 1s no idle call appearance at the station
(4110), the station is considered unavailable and
FND_CVPT repeats the loop to check the next cover
station’s status. It is recalled that for this example, it is
assumed that covering station 902 is temporarily unat-
tended. However, the SAC feature is inadvertently not
activated for this covering station. The program there-
fore considers station 902 to be available and returns at
step 4110 to the calling program at step 1403 with the
number of an idle call appearance on station 902.

CV_STAI1 progresses from decision 1403 to step 1408
which displays the name of the principal party and a
coverage indication on the display module (if any) at
the originating station 1001.

Since cover station 902 is not in a message center,
step 1409 causes the execution of step 1413 where the
idle call appearance on station 902 is seized and the
assoclated lamp lit. Ringing of covering station 902 is
not yet begun, however, until after expiration of the
caller response interval (CRI) mentioned earlier and
described below. Subroutine DSP_.TERM (1414) (not
shown in detail) is next called to display the caller and
principal names and the reason for redirection taken
from REDIR_REASON on the display module, if any,
of covering station 902. At this point in the process, a
redirect feedback tone (RFT) is applied to the calling
station by step 1415 to alert the caller at station 1001
that the call is being redirected. Step 1416 establishes
the timing of the RFT. Also at this point, step 1417 sets
the COV_REDIRECT_FEEDBACK_SINGLE state
in the PM1 item of the trunk record pertaining to this
call. The main program is then entered to await timeout
of the RFT interval. |

When the redirect feedback tone times out in the
presence of the COV_REDIRECT_FEEDBACK._S-
INGLE state, routine CV_CRF1 in FIG. 15 is called.

The first step (1502) of CV_CRF1 removes the RFT.
Another timed inferval is now begun by step 1503 to
measure the caller response interval (CRI). The length
of the CRI is stored as a number (of two-second peri-
ods) in table CLR_RSP shown in FIG. 4. This interval
allows time for the caller to take action if he does not
wish to talk to a covering party. For example, the caller
may abandon the call. The caller may wait out the CRI
so the call can be covered at station 902. The caller may
also activate LWC (to be subsequently described)
which automatically leaves a message for the principal.
The CRI is initiated by removing the RFT, the CAL-
LER_RESP_INTV_SINGLE state is set by step 1504
and CV_CRF1 exits to the main program.

Assume for the example that the caller decides to
wait out the CRI and allow the call to be covered.

When the caller response interval times out in the pres-
ence of the CALLER_RESP_INTV_SINGLE state (as
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here) CV_CRI1 is entered from the main program (see
FIG. 15).

Step 1506 of CV_CRI1? begins the ringing of covering
station ©02. At this point, step 1507 starts a timer that
establishes how long station 902 will be rung before the
call is redirected again to the next covering station, if
any. The amount of time allowed for a covering station
to answer before the program checks for another cover
station is stored as a number of two-second periods in
table CVRRPTDA shown in FIG. 4. Step 1508 sets the
COV_USER_DA_ICOM_RING state in PM1 and CV_
CRI1 exits to the main program to await covering sta-
tion answer or a timeout. The possible results of having
set this state are shown in FIG. 12. Since it is assumed
that covering station 902 is unattended, when the D/A
timer runs out (state COV_USR_DA_ICOM_RING
being set), routine CV_SACI1A in FIG. 17 is entered as
shown in FIG. 12.

CV_SACI1A first executes subroutine FND_CVPT at
step 1204 m FIG. 41. FND_CVPT continues the loop
previously setup to find the next cover station. This is
station 903 shown in FIG. 9 and item CVR_PT?2 of table
COVRTBL2 pertaining to CCGO. It is found at step
4109, however, that cover station 903 has SAC active as
we assumed, so decision 4109 causes FND_CVPT to
check table COVRTBLS3 for another covering station.
The final covering station for CCGO0 is MC 104 as seen
in COVRTBL.3, so FND_CVPT returns at 2 at terminal
4111 to step 1705 of routine CV_SACI1A (FIG. 17). The
2 returned indicates that a covering point is available
and that the covering station is in the message center.
Since the covering station (104) is in message center 104
(decision 1706), call alerting is stopped at the last cover
station 902 by step 1707, and the call is placed in a mes-
sage center queue (not shown) by step 1708. Eventually
the main program is entered. The queue is a conven-
tional uniform call distribution queue. The call will be
routed to the next available station in MC 104 as the
final covering station by other system programs. No
further details of MC call routing and operation are
given here, however, as the details are not necessary for
an understanding of the invention.

Had the next covering station been an individual
station at step 1706, subroutine DSP_TERM (not
shown) would have been called at step 1710 to display
the calling and principal names and the principal station
coverage criterion satisfied on the next covering station
display. The call would be redirected to an idle call
appearance on the covering station at step 1711. The
call to the previous covering station is removed at step
1712. D/A timing for the redirected call to the next
covering station is established at step 1713, and the call
state 1s set to COV_USER_DA_ICOM_RING at step
1714 before exit is made to the main program.

D/A Coverage

To understand the operation of the system when a
principal station has selected a D/A coverage criterion,
assume that an external call is made to station 902. Al-
though station 902 is a covering station for certain prin-
cipal stations as shown in FIGS. 9 and 10, in this exam-
ple station 902 is called in its status as a principal station
as shown in FIG. 11. With reference to table LXILNG in
FIG. 4 1t 1s seen that station 902 is assigned to CCG2. In
table CVRTBLAO it is seen that stations in CCG2 have
DD/A coverage on external calls (CDA_EXT=1). The
call causes an entry to CPRTNG63 in (FIG. 13) as before.
If we assume that no coverage criterion, such as SAC,
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is initially satisfied that would cause an 1mmed1ate redi-
~ rection to coverage, the return from subroutine

'CVR.CHK at step 1303 causes the execution of step
1307 where it is determined if station 902 is busy. If it
were, busy tone would be returned to the calling station
in a conventional manner. Assume that station 902 is not
busy. Appropriate information is displayed at the called
station at step 1309 CVDA_CHK in FIG. 40 is executed
to determine if D/A coverage applies to this call, With
reference to FIG. 40, since this call has not been previ-
ously redirected and since it is not a priority call and

-assuming call forwarding is not active at station 902,
~step 4008 is executed to determine if the call is from an
internal or external station. Since the call is external,
step 4013 interrogates the external D/A coverage flag

10

15

(CDS_EXT) in table COVRTBLAO. Since this flag is set, -

item REDIR_REASON is set to D/A and return. is
made at 4016 to the calling program. This return causes

step 1311 to execute step 1312 where a D/A timing

period is set up. The length of this period is taken from
PRINC_DA_INTYV in table COVRTBLO which con-
tains the number of two second intervals in which to
ring- the principal station before redirection to.coverage
- 1s inttiated. The call state is set to PRINC_DA.-ICO-
M_RING at step 1313 and the main program IS entered
with station 902 ringing.

- If the D/A timing interval explres, entry is made to
CV.STA2A 1n FIG. 18, as shown in FIG. 12. At CV_S-

‘TA2A, the program initiates the redirection of the call :

to ‘the respective cevefage path for CCG2. The next
covering statlon, if any, s found at steps 1804 and 1805.

If no covering station is available, ringing is continued
at the principal station and the eall state is placed ln

ICOM-RING at step 1806.

Subroutine DSP_-ORIG (not shown) adds the word

“cover” at step 1807 on the calling station dlsplay, if
any, if a covering station is available. The call is re-
moved from the prmelpal station at step 1808. If the

covering stationi is an individual station, an idleé call

appearance on the station is seized and the associated
lamp lit at step 1810. The names of the called and the
principal are dlsplayed to the covering station at step
1812. Preparation is now made to begin the CRI. Rlng-
ing is stopped at the calling station at step 1814 and
RFT is applied at step 1816. Tlmlng to measure the
length of the RFT is setup at step 1817 and the call state
is set to COV_REDIRECT_FEEDBACK_SINGLE at
step 1808 before exiting to the main program. When the

RFT timing expired, CU_.CRFI in FIG. 15 is entered :

and program Operatlen contmues there, as already de—
scribed.

If the next covenng station is in a MC as determined
at step 1809, RFT is initiated at steps 1811, 1813 and
- 1815 and the call state is set to the appropnate state for
redirection to a MC at step 1819. In this case, appropri-
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ate program operations are performed upon expiration

of the RFT that pertain to MC redirection. These oper-
ations are not discussed further as they are unnecessary
to an understanding of the invention.

-Send-All-Calls

To illustrate the SAC feature, assume that a call is
.made from calling station 901 to station 1001. Station
1001 is idle, but the principal is in conference. Station
1001 rings, and the principal presses the SAC button to

~ dispose of the call without answering it. The call is

redirected to covering station 902 where it is answered.

60

635
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Routlne CPRTNG63 in FIG. 13 is entered on the origi-
nal call as before. CVR_CHK (FIGS. 37, 38) checks the
coverage criteria for immediate redirection but station

1001, which is assigned to CCG1, has no immediate

criterion which is satisfied. It is determined at decision
1307 whether there is an idle call appearance at the
principal station 1001. Since station 1001 has an idle
appearance, at step 1309 the caller is identified on the
dlSplay of principal station 1001 (if any), and the princi-
pal is identified on the calling station’s display. Subrou-
tine CVDA_CHK in FIG. 40 is called to determine if
station 1001 has D/A eeverage Bit CDA_INT of table
COVRTBLO (in FIG. 4) is tested at decision 4009 in
CVDA_CHK FIG. 4 shows that station 1001 does not
have D/A coverage on internal call, so routine
CVDA_CHK returns 0 to routine CPRTNG3 at termi-
nal 4010. As a result, the ICOM RING state is set at step
1315 in the calling program and the main program is
entered. The prmc1pa1 station is rung in the ICOM_R-
ING state as shown in FIG. 12. It is assumed that the
principal at station 1001 declmes the call by pressing the
SAC button.

CV._SACB (see FIG. 19) is entered whenever a SAC
button is pressed It updates the SAC memory status of

the actwatmg station and initiates the generation of a

SAC stimulus for any call in the ringing phase at the
activating “station. The routine either sets or clears

SAC_STAT in table LSTWD1 (FIG. 4) for all call

appearanees on the activating stations, depending on
the previous SAC state. If SAC is active for any call
appearance (SAC..STAT-- 1), CV_.SAC8 will clear
SAC. STAT on all call appearances. Otherwise, the
program sets SAC_STAT on all appearances.
Responsive to the SAC operation at station 1001,
CV_SACS determmes at step 1902 if any call appear-
ance on the station 1001 has SAC active. Assuming that
none are, step 1904 prepares the program. to activate
SAC status for each call appearance, as opposed to
deactivation which would occur at step 1903 otherwise.
Step 1905 finds the next (or first) call appearance to be

updated and step 1906 updates the appropriate SAC_.

STAT flag. At decision 1907 it is determined whether
the call appearance _]ust updated is in the ringing phase.
Assummg that this is the calling appearance on which

if SAC is being activated. Since we assume that SAC is
bemg activated, step 1909 places the ILN of the call
appearance on station 1001 in table SAC_QUE (FIG. 6)
to initiate the generation of a SAC stimulus. Decision
1910 causes the updating process to be repeated for each
remaining call appearance. The SAC lamp on station

1001 Iit in this example at step 1911,
- EBvery few milliseconds, the SAC_TASK routine in

FIG. 20 is run to administer ILN entries in the
SAC_QUE table and, to generate the SAC stimulus for
each ILN entry. On the next entry to SAC_TASK after
the station 1001 ILN was stored in SAC_QUE by CV_.
SACS, steps 2002 and 2004 generate a SAC call process-

1ing stimulus for the call ringing at station 1001 and
clears the ILN from the queue step 2005 before exiting
'to the main program. The SAC stimulus causes a §ubse-
quent entry to CV_SAC3 (see FIG. 13) as shown in
FIG. 12. CV_SACS3 first determines at step 1318 if the
SAC activation was from the principal station 1001 or

inadvertently from the calling station. If from the call-

Ing station, it is ignored. Since the prmelpal pressed the
SAC button and the call is not a pI'lOI‘lty call (decision
- 1319—in which case the stimulus is ignored), and the
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call has not been redirected to coverage (step 1320—in
which case a principal activated SAC is superfluous),
routine CV_STAZ2A is entered in FIG. 18 to act on the
stimulus. CV_STA2A redirects the call to coverage in
the same manner as already described.

The call is redirected to the first covering station 902,
if available, after expiration of the CRI.

Send-All-Calls During Caller Response Interval

It is possible that the coverage station 902 may acti-
vate the SAC feature at the covering station during the
CRI interval. The covering party is aware of the sched-
uled call redirection by a seizure of an idle call appear-
ance before the CRI is initiated. The call is in state
CALLER_RESP_INTV_SINGLE during this interval.
As shown in FIG. 12, receipt of a SAC stimulus during
this state causes an entry to program CV_SAC2 in FIG.
15. It is also possible that SAC is inadvertently operated
at calling station 1001. Step 1602 determines which
station activated the SAC. If it came from the calling
station, the stimulus is ignored. If the stimulus is from
the covering station, this means that the covering party
recognizes that a call to be covered will arrive shortly
after expiration of the CRI and for any given reason the
covering party does not wish to answer it. The SAC
stimulus in this case causes the call to be routed to the
next covering station, if any, in the coverage path. To
accomplish this, subroutine FND.CVPT is called at
step 1604 to find the next covering station, if any. If

there is none or if the remaining covering stations are 30

unavailable the SAC request is ignored. If a covering
station is available (step 1605), step 1603 removes the
seizure .of the idle call appearance at the covering sta-

tion and any display that may have been given. If the

next covering station is in' MC 104 (step 1606) the call
state is set to CALLER-RESP_INTV_GRP at step
1609 to reflect that the call is being redirected to an MC
group and return is made to the main program to con-
tinue the CRI. If the next covering station is an individ-

ual station, step 1607 seizes an idle call appearance on 40

the station, initializes the display module, if any, and
returns to the main program to continue the CRI.

Send-All-Calls During Coverage Ringing

It is also possible that a SAC stimulus is received
during the ringing of the redirected call at covering
station 902 (or any other covering station). This stimu-
lus causes an entry to program CV_SAC1 in FIG. 17.
The program determines at step 1703 that the SAC
stimulus was received from the cover station by interro-
gating item FAC2 in the trunk record. If the stimulus is
from the calling or principal station, the stimulus is
ignored. If the stimulus is from the covering station, the
program proceeds to redirect the call to the next cover-
ing station in the appropriate coverage path in the re-
maining steps of FIG. 17 which have already been de-
scribed.

Send-All-Calls During Principal D/A Timing

In the prior example of D/A coverage in which an
external call was assumed to be placed to station 902, it
is recalled that D/A timing was set up at step 1312 and
ringing of the principal station begun. Assume now that
the SAC feature is activated at the principal station
while ringing is occurring during the D/A timing inter-
val, The SAC activation causes a SAC stimulus to be
generated as described above. The call state 18 PRIN-
C-DA_ICOM_RING. The stimulus causes an entry to

5

20 .
CV_STA2 in FIG. 18, as shown in FIG. 12. At step
1803, CV_STAZ2 verifies that the SAC activation came
from the principal station. Otherwise, it is ignored. If
the activation was at the principal station, the program
then proceeds to redirect the call to coverage as already
described. | |

Implied Principal Addressing—Consult Call
To illustrate one example of implied principal ad-

10 dressing, assume now that the prior call redirected to
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covering station 902 is answered at that station. Assume
too, that the call for the principal is important enough to
justify interrupting the conference in which the princi-
pal is engaged. The covering party therefore wishes to
inform the principal at station 1001 by means of a con-
sult call to answer the original call. The principal has
the ability to answer the call due to a simulated bridged
appearance (SBA) maintained at the principal station in
the illustrative system on the calling appearance on
which the call originally arrived. The SBA is not neces-
sary for an understanding of implied principal address-
ing and is not discussed further. |
The covering party at station 902 puts the covered |
call on hold by operating the conference button 313 or
the transfer button 312, which also automatically selects
an idle call appearance on the covering station, and then
operates the consult button 311. The system enters rou-
tine CV_CSLT1 in FIG. 21 as a result of the consult
button operation. The covering station index is given to
CV_CSLT1 as an input parameter. At step 2103,
CV_CSLT1 obtains the ILN of the appearance on hold
to get the trunk record for the covered call. This is
accomplished by using the station index to get the but-
ton identification of the held select button from
CXF.LN in table EKT.STA2. The button identifica-
tion is then translated to the held appearance ILN.
CXF_LN is loaded with the button identification by a
conventional program (not shown) that administers
button operations. Item REDIR.TYPE of
TRKTBLG6C is tested at step 2104 to verify that the
held call at the activating station is a coverage call.
Otherwise, the button operation is ignored. CV_.CSLT1
next proceeds to step 2106 where the principal station
1001 ILN is retrieved from TRKTBLG6B of the trunk
record for the covered call (see FIG. §) to automati- -
cally identify the principal station associated with the
currently held call appearance on the covering station
for implied principal addressing. The ILN is translated
to the principal directory station number for use in
establishing a call from covering station 902 to principal
station* 1001. At step 2107, item TOLL_BIT is set in
TRKTBL3 (FIG. 5) for the consult call to indicate a
priority call. The principal directory station number is
loaded into items D1 through D4 of TRKTBL7 (also in
FIG. 5) at step 2108. Finally, the call progress mark
PM1 is set for the consult call in TRKTBL1 (FIG. §) to
a prescribed state at step 2109 to simulate completed
dialing of the principal’s directory number. CV_CSLT1
then exits to the main program. The dialing completed
state mark just placed in PM1 and the principal station
digits loaded into the trunk record simulates the dialing
of a call from the covering station to the principal sta-
tion and causes the main program to establish the neces-
sary call connections. CPRTNG63 in FIG. 13 is entered
in response to the consult call by the main program to
determine if call coverage is applicable to this call.
Because TOLL.BIT was set in step 2107, step 3704 in
subroutine CVR.CHK, called by CPRTNG63, avoids the
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possibility of attempting to redirect the consult call to
coverage. The principal station is rung with a special
priority alerting signal (not discussed) to inform the
principal of the priority call, regardless of his coverage
and SAC status. After the principal answers the consult
call, the covering party at station 902 may automatically
connect the principal station and calling stations by
operating the transfer key, or the covering party may
automatically form a 3-way conference with the calling
and principal stations by operating the conference key.

Leave Word Calling and Coverage Callback

In the following examples demonstrating LWC, 1t 1s
understood that the feature may be activated from any
answering station, such as in call pickup and call for-
warding, as well as from a covering station as disclosed
earlier in this specification.

Assume now that the caller at statlon 1001 calls sta-
tion 901. The call is redirected to coverage because 901
has cover all calls external and internal criteria. The call
is answered at covering station 902. Further assume that
the calling party wishes to leave a message for the prin-
cipal at station 901 other than a simple callback request.
The message might be, for example, “The Acme con-
tract is going to be cancelled if we don’t deliver this
week”. This message is manually taken by the covering
party at station 902. The covering party now wishes to
request the principal at station 901 to call to retrieve the

 message. To do so, the covering party operates the
LWC button on station 902. This button operation is

detected by the system and entry is made to
LWCABTNI1 in FIG. 22 with the activating station
index as an input parameter. This program translates the
station index at step 2200 to the appropriate ILN de-
pending on the selected call appearance at the covering
station. At step 2201, the program determines if an
LWC message has already been stored on this call by
interrogating item LWC.ACT.ON. A second LWC
-~ message request will not be honored on any given call
and in this case the program exits at 2202 to the main
program. Assuming that LWC.ACT-ON has not been
set, the program determines if covering station 902 is
authorized to activate LWC messages. It does this at
step 2203 by interrogating item LWC_SNID_ASG in the
LCOST4 table (FIG. 4). If an activating station is unau-
thorized to activate LWC messages, the LWC lamp
associated with the LWC button at the station is flut-
tered at step 2204 and the request is ignored. Assuming
that station 902 is authorized to activate LWC mes-
sages, the program determines at step 2205 if a call
record has been created on this call. A call always exists
unless the calling party 1s receiving busy tone. An LWC
call processing stimulus is generated at step 2206 and
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this call from item TRKNUM in the line status table
LSTWD1 (FIG. 6) at step 2601. The principal station
901 is identified for implied principal addressing by
obtaining the principal station ILN from trunk table 6B
at step 2602. If item LWC_RCV_ASG shows that the
principal station 901 is not allowed to receive LWC
messages (step 2604), the program flutters the LWC
lamp on the activating station 902 at step 26035 and exits
to the main program. If the principal station 901 1s al-
lowed to receive LW messages, the program deter-
mines if this call is a redirected call by interrogating
item REDIR_TYPE from trunk table 6C at step 2606.
The purpose of this step is to determine whether to treat
calling station 1001 or covering station 902 as the call-
ing station for purposes of the LWC message to be
generated. In this example, since covering station $02
activated the LWC feature, the program at step 2607
generates the LWC message treating covering station

902 as the calling station by storing the station 902 num-
ber in SND.XCT_EXT. The ILNs of both the activat-

 ing station and the principal station are translated to

station directory numbers for message storage. At step

2608, subroutine SND_STOR is called to send the

. LWC message to the DCIU interface program. SND_S-

25

"TOR is shown in FIG. 25. This routine stores LWC

 messages in a buffer area which the DCIU interface
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(program not shown) unloads for transmittal to AP 103.
At step 2500, SND_STOR first sets a message type item
SND.XCT.TYPE in 'message sending block

SND_XCTB (FIG. 7) to indicate the storage of an

LWC message. At step 2501, the subroutine moves the
contents of SND_XCTB into the DCIU for transmittal

‘to the AP. The subroutine then returns to the calling

program at step 2609 of FIG. 26. The LWC lamp on the
activating station 902 is lit at 2609 and the program exits

to the main program after completing the generation
and storage of the LWC message.

Assume for the moment that at step 2{606-1t was deter-
mined that the call had not been redirected to coverage.
This might occur, for example, when a party other than
the desired principal answers the principal station. The
calling party (or the answering party) might activate
the LWC feature in this case rather than have the an-
swering party take a manual message for the principal
party. In this case, it is first verified at step 2610 that

- both the calling and principal stations are internal sta-
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exit is made to the main program at 2207. Depending on

the state of the call in PM1 of trunk table 1, an LWC
stimulus causes a subsequent entry to program
LWCABTN2 in FIG. 23 if LWC is activated during a
caller response interval (CRI) or during a ringing state,
and an entry to LWCABTN3 (FIG. 2Z6) if activation
occurs during a talking state. The stimulus causes an
entry to LWCACT1 (FIG, 27) if the LWC feature is
activated before a principal station is dialed.

In the example at hand, calling station 1001 and cov-

ering station 902 are in talking states at the time of the

LWC activation at station 902. The generation of an
LWC stimulus at step 2206 therefore causes a subse-
quent entry to program LWCABTNS in FIG. 26. The
program obtains the internal trunk number (ITN) for
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tions. Otherwise, an LWC message will not be gener-
ated. If both stations are internal, the program at step
2611 generates the LWC message by storing the calling
station 1001 number in SND_XCT_EXT and the princi-
pal station 901 number in SND_XCT_BUF.

If when the LWC button activation is first received

FIG. 22, it is assumed at step 2205 that there is no call

record (calling party receiving busy tone) the program
sets LWC_ACT.ON at 2211 to indicate that an LWC
message is being stored. Busy tone to station 902 1s
removed at 2212. The ILN of activating station 902 is
translated to the calling station number at step 2213.
The number of called station 901 is obtained at step 2214
from item LAST_.NUM in table EKT_-STAZ. These
station identities are stored at step 2219 for transmittal

~ to the applications processor by subroutine SND..5-
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TOR at step 2215. At this point, the program generates
a confirmation tone to the LWC activating station $02
and lights the LWC lamp at step 2216. At step 2217, the
program initiates a timing interval to time the duration
of the confirmation tone. It creates a call record for this
call and sets the call progress mark PM1 to state TlI-
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ME_LWC_ACT_-TONES at step 2218 and exits to the
main program. A timeout of the confirmation tone in-
terval causes a subsequent entry {o program
LWCBTN2B in FIG. 24. The receipt of a line 1dle
stimulus, while in the above call state, meaning that
some line in this connection went on-hook, also causes
an entry to LWCBTN2B. The program first determines
at step 2400 which of these stimuli caused the entry. If
a line idle stimulus was received the program cancels
the tone timing at step 2401. In either case tone 1s re-

moved at step 2402 and all call registers associated with:

this call are cleared at step 2403. The LWC function i1s
now complete and exit is made to the main program.
In each of the examples above resulting in the suc-
cessful storing of an LWC message, the automatic mes-
sage waiting (AMW) lamp associated with the principal
station 201 and any extensions of that AMW lamp will
be automatically lit subsequently in response to a mes-

sage from AP 103 causing an entry to program
AMWLPCTL in FIG. 30. When AMWLPCTL is en-
tered, it is given the station number 201 whose AMW
lamp is to be updated. This is translated to the ILN at
step 3000. At step 3001, the program determines if there
is an entry for this ILN in table AMWPTRS. If so, item
LAMPTR is read from the table to obtain the appropri-
ate address pomter-into tables AMW_APP1 and AM-
W_APP2. The first or next entry from each of these
tables is obtained at step 3002. If item AMW_S-
TA_NUM from AMW_APPI1 indicates that station 901
is not a multifunction station as determined at step 3003,
the program next translates the ILN from item AM-
W_BTNj4ID 1n table AMW_APP2 and uses this infor-

mation - to light the appropriate AMW lamp. These

actions occur at steps 3604 and 3805. On the other hand,
if the AMW lamp is located on a multifunction station,
the program lights the appropriate lamp using the iden-
tification number obtained from item AMW_BTN_ID
from table AMW 4 APP2. This.occurs at step 3006. At
step 3007 the program interrogates flag LAST_APP
from table AMW_APP2 to determine if this is the last
message waiting lamp entry to be updated. It repeats the
foregoing steps if there is another lamp entry and exits
to the main program otherwise.

Assume now that LWC is activated by the caller at
station 1001 during a caller response interval (CRI) or
during ringing of covering station 902 (or any station).
The LWC stimulus generated at step 2206 causes a
subsequent entry to program LWCABTN2 in FIG. 23.
In this case an LWC message is generated, if authorized,
and the call terminated. LWCABTN2 obtains at step
2300 the ILN of the principal station 201 by translating
the activating station index as before. At step 2301 it
cancels the redirect feedback tone (RFT) if applicable,
and the CRI or principal D/A timing. Next, it turns off
ringing and ringback signals to the appropriate stations
at step 2302. It removes the called station connection at
step 2303, and then determines at step 2304 from item
LWC_RCV_ASG if the principal station 901 is autho-
rized to receive LWC messages. If not, the program
alerts the activating station 1001 of the failure to gener-
ate the message by fluttering its LWC lamp and by
sending intercept tone at steps 2305 and 2306. It sets up
to time the intercept tone for an illustrative 10 seconds
at 2307. Assuming, however, that station 901 is autho-
rized for LWC messages, the program stores the calling

station 1001 and the principal station 901 numbers in
message sending block SND_XCTB at step 2310. The
message 1s sent to the DCIU interface program at step
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2311. The LWC lamp on station 1001 is turned on at
step 2312. Confirmation tone is sent to station 1001 at
2313 and timing for the confirmation tone is set up at
step 2314. Finally, the call processing state is set to
TIME.LWC_ACT_.TONES at step 2315 and the main
program is entered while tone is being applied to the
calling station 1001. Entry is made to LWCBTN2B
(FIG. 24) after expiration of the tone interval as already
described.

A. station may activate the storage of an LWC mes-
sage without ringing a principal station by first activat-
ing the LWC feature after going off-hook and before
dialing the digits of the principal station for which a
message will be stored. Program LWCACT1 m FIG.
27 is entered to collect the principla station digits as
they are dialed as a result of a LWC activation before
the dialing of the principal station digits. LWCACT1 is
also entered to collect the principal station digits in the
case of any LWC activation by dial access code (DAC)
or on receipt of an LWC cancel DAC. The trunk num-
ber associated with the call and the ILLN of the activat-
ing station is obtained at step 2700. If the stimulus caus-
ing entry to this program resulted from a L WC button,
the LWC lamp on the activating station is lit at steps
2701 and 2702. If the activating station is authorized to
send LWC messages (step 2705), the principal station
digits are received from the activating station in real
time as illustrated by the dotted box at step 2706. There-
after, program entry is made to LWCACT$ in FIG. 29
to perform the LWC message generation or cancel
function. |

If the stimulus causing an entry to LWCACTI is an
LWC button operation (step 2707) and if the activating
station is unauthorized to send LWC messages, (step
2705), the LWC request is denied. However, there may
still be dial tone present at the activating station. Dial
tone i1s ordinarily removed by the main program when
the calling party starts to dial the principal station dig-
its. The program therefore removes dial tone from the
activating station at 2708 and flutters the LWC lamp at
that station to signify denial and exits to a print in the
main program where interrupt tone is applied.

LWCACT4 (FIG. 29) is entered after the principal
station digits are collected at step 2706. The digits are
translated to ILLN at step 2900. At step 2901, LWC_RC- -
V_ASG 1s interrogated to determine if the principal
station is authorized to receive LWC messages. If not,
the request is denied. The LWC lamp at the activaiing
station is fluttered at step 2902 if the station is a multi-
function station and-intercept tone is applied by the
main program. Otherwise, it 1s next determined at step
2903 if the stimulus causing entry to LWCACT#4 is an
LEWC cancel DAC. If not, the stimulus must be an
LWC request, either by button or DAC. In this event
the program translates the activating ILN to its station
number at step 2904, generates the requested LWC
message at step 2905 and sends it to the DCIU interface
program at step 2906. It lights the activating LWC lamp
if applicable at step 2807, sends a confirmation tone to
the activating station at 2808 and exits to the main pro-
gram having accomplished the requested function.

If the above stimulus is a cancel DAC, the principal
station digits received at step 2706 as part of the request,
together with the station number of the activating sta-
tion define which LWC message stored in AP 103 to

cancel. A cancel request causes execution of step 2910
where item MSG.LCK_ASG is interrogated to deter-
mine 1f the activating station is authorized to be locked.
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A locked station may neither retrieve LWC messages
nor cancel LWC messages. Therefore, if the station can
be locked, it is determined at step 2911 from item
MSG.UNLCKD if the station is in fact locked. If so,
the program exits via step 2902. If the station is un-
locked, or cannot be locked as determined at step 2910,
a cancel message is generated at step 2912, This message
is sent to the DCIU interface program at step 2913 by
subroutine SND.CNCL. SND_CNCL is shown in FIG.

25. At step 2502 this subroutine sets the message type

item SND_XCT.TYPE to indicate a cancel message. It
then moves the message to the DCIU and returns to the
calling program where a confirmation tone is sent at
step 2908 which completes the cancellation request.
A coverage callback (CC) message activated at a
covering station is similar to a LWC message activated
at the covering station except that it requests a principal
to return a call to a calling party rather than to the

previously described call from station 1001 to station
901, which was covered at station 902, the covering
party at 902 might operate the CC button instead of the
LWC button to advise the station 901 principal to call
the 1001 party. Operation of the CC feature button is
detected by the system and entry is made to program
CVCBRTN in FIG. 28. This program is given the acti-
vating station index as an input parameter. CVCBRTN
first translates the activating station index to the ILN at

step 2801. At step 2802, it uses the ILN to obtain the ..

trunk table index (ITN) from item TRKNUM in line
status table LSTWD1 if a trunk record exists on the
call. If there is no trunk record, the button operation is
ignored. Using the ITN the program obtains the trunk
record at step 2803. At steps 2804 and 2805, the pro-
gram determines from items REDIR_TYPE and TL1 if
the call in question has been redirected to coverage and
if the calling station is an internal station. A coverage
callback button activation has no meaning if a call has

not been redirected to coverage. Moreover, coverage 4

callback messages will not be generated for external
calling stations. Therefore, if either of these checks are
negative, CVCBRTN ignores the CC stimulus and exits
to the main program. At steps 2806 and 2807 the pro-

erated on this call, and if the calling station is authorized
to send LWC type messages. If a CC message has al-
ready been activated or if the calling station is not.au-
thorized, the program alerts the activating party that
the request is denied by fluttering the CC lamp on the
activating station at step 2811. | _-

At step 2809, in preparation for an implied principal
addressing operation, the program identifies the princi-
pal station 901 by reading item PRINCIPAL in the
trunk record. The principal station’s authorization to
receive LWC messages is checked at step 2810 and the
CC request is denied if the pringipal station is unautho-
rized,

If all of the above tests are successful, the program
proceeds to generate and store the CC message. It sets
CVCB.ACT.ON at step 2808. At step 2812, it trans-
lates the ILN of the principal station to the appropriate
directory number. It generates the CC message at 2813
by storing the principal station number in SND.XC-
T-BUF and the calling station number in SND_XCT_
EXT. It then calls subroutine SND_STOR at step 2814
to send the CC message to the DCIU interface program.
This completes storing of the message. The program
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lights the CC lamp on the activating station at step 2815
to indicate completion and exits to the main program.
A station is placed in a locked mode by the execution
of program LWC_LCK in FIG. 31 which is entered as
a result of the receipt of a lock/unlock DAC stimulus.
The activating ILN is given to the program as an input
parameter. Only multifunction stations are allowed to
be placed in a locked mode. This determination is made
at step 3101. If the station is a multifunction station, the
ILN i1s translated to station number at step 3102 and a
determination is made at step 3103 as to whether or not
the station has a display set. If the activating station is
unauthorized to be placed in a locked mode as deter-
mined at step 3104 from item MSG.LCK_ASG, the
request is denied. Otherwise, the DAC stimulus is inter-
rogated at step 3105 as to whether a lock or unlock
request was made. MSG.UNLCKD is set or cleared
accordingly at steps 3106 or 3107 to place the station in

vating station at 3108 and program execution is com-
pleted. B ' -

o - Message Retrieval

-~ -The automatic message waiting (AWM) lamp on a
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station is automatically lit whenever LWC, CC or mes-
sage center messages are stored in applications proces-
sor 103 for the station. A principal whose station is
equipped with a display module may obtain LWC and
CC messages on the display module. Since the display is
illustratively a 40 alphanumeric character display, mes-
sage center messages having no more than 40 characters
may also be obtained at the display set. Agents, such as
a secretary or a MC operator may be called to retrieve
messages if a principal does not have a display.

To 1initiate a message retrieval, a party operates the
message retrieval button 306 on the display module. An
agent, such as a secretary, would operate the coverage
message: retrieval button 307, This creates a stimulus
which subsequently causes an entry to program

PMRBEGIN shown in FIG. 32. If the station is locked

as determined at step 3201, the request is denied. Other-
wise, PMRBEGIN sends a message to the DCIU inter-
face program requesting the first two messages stored

- _ . for this principal station. The display module consists of
gram determines if a CC message has already been gen-

three display buffers. The contents of a buffer are dis-
played when that buffer is selected by command to the
display module under control of the program. At step
3202, PMRBEGIN loads buffer one with the message

“retrieval in. progress” and it loads display buffer two

with “message for (station number) (principal name)”.
The displayed station number is that number given to
PMRBEGIN upon program entry. The displayed prin-
cipal name is read from a principal name database
where names associated with station numbers are
stored. The principal name database illustratively is
maintained in control processor memory 108. At step
3203, PMRBEGIN sends a command to the station to
select buffer one for display. It then exits to the main
program awaiting receipt of the two messages re-
quested from the DCIU interface program.

When a first message arrives from applications pro-
cessor 103 to the DCIU interface program via data
channel 111 and DCIU 110, the DCIU interface pro-
gram causes an entry to be made to RTMG.RCV in
FIG. 33. This program queues the message in a message

queue (not shown) at 3301 and exits. Each arriving

message causes a similar entry to RTMG.RCV where

the message is queued. Program DSP.TSK in FIG. 34
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is periodicaily entered from the main program to admin-
ister the message queue. The program determines at
step 3401 if the queue is empty. If not, it loads the next
display buffer (which is the third display buffer for the
first message returned from AP 103) with the top mes-
sage in the queue for this station. If this is the first mes-
sage to be returned (step 3403), DSP_TSK sends a com-
mand to the display module at step 3404 to display the
second buffer, which it is recalled contains a message
identifying the principal and the principal station num-
ber. If the message loaded into the next buffer is not the
first message responsive to the display request,
DSP_TSK takes no further action and returns to the
main program. Each subsequent display thereafter is
made in response to an operation of the step button 369
on the display module. Assuming such a step button
operation is made by the principal, entry is made to
MR_STEP in FIG. 35. At 3501, a request is made to the
DCIU interface program for the next message stored in
the applications processor 163 for this station. The mes-
sage in the next display buffer at the principal station 1s
next displayed at step 3502 by a command from MR_S-
TEP. This completes execution of MR.STEP in re-
sponse to the one step button operation. Execution of ’s
MR_STEP is repeated thereafter in response to each
step button operation until the display mode is exited.

Messages that are displayed are retained in applica-
tions processor 163 unless deleted in response to an
operation of the display set delete button 308. An opera-
tion of the delete button causes entry to program
MR_DELETE in FIG. 36. This program displays the
term DELETED at the display set by loading the cur-
rent display buffer and sends a delete message to the
DCIU interface program at steps 3601 and 3602. The
details of which message to delete in applications pro-
cessor 103 are included in the message to the DCIU
interface program.

It is to be understood that the above-described ar-
rangement is merely illustrative of the application of the
principles of the invention and that other arrangements
may be devised by those skilled in the art without de-
parting from the spirit and scope of the invention.

What is claimed 1s:

1. A method of providing call message service in a 45
telephone system having a memory and serving a plu-
rality of stations, comprising the steps of

after an off-hook state and before an on-hook state at

a calling one of the stations on a call intended for a
principal one of the stations, recognizing an acti- 5o
vating signal from a station associated with the call
as. a request to store a callback message for the
principal station,
identifying the station from which the activating
signal was received, | 55
automatically generating a callback message for the
principal station, including in the callback message
the identity of one of the stations also having an
association with the call and determined by a pre-
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callback message generating step further comprises the
step of |

including the identity of the covering station in the
callback message responsive to said activating sig-
nal (LWC) from the covering station.

3. The invention of claim 1 wherein the system has
provisions for automatically redirecting the call to a call
covering one of the stations under prescribed circum-
stances, and the callback message generating step fur-
ther comprises the step of

including the identity of the calling station in the

callback message responsive to said activating sig-
nal (coverage callback) from the covering station.

4. The invention of claim 1 wherein the callback
message generating step further comprises the step of

including the identity of the calling station in the

callback message responsive to the activating sig-
nal (LWC) being from the calling station.

‘5. The invention of claim 1 wherein the callback
message generating step further comprises the step of

including the identity of the calling station in the

callback message responsive to the activating sig-
nal (LWC) being from the principal station.

6. The invention of claim 1 wherein the method fur-
ther comprises the step of

directing a call to the principal station responsive to a

receipt of an off-hook signal from the calling sta-
tion followed next by receipt of a telephone num-
ber identifying the principal station, and the mes-
sage generating step further comprises generating
the callback message responsive to receipt of the
activating signal (LWC and COVERAGE CALL-
BACK) during any phase of the call.

7. The invention of claim 1 further comprising the
step of |

preventing completion of a call to the principal sta-

tion responsive to a receipt of the activating signal
~ before receipt of a telephone number identifying
the principal station.

8. The invention of claim 1 wherein the method fur-
ther comprises the step of

ringing the principal station responsive to a receipt of

an off-hook signal from the calling station followed
by receipt of a telephone number identifying the
principal station, and the message generating step
further comprises

generating the callback message responsive to receipt

of the activating signal during ringing of the princi-
pal station. | |

9. The invention of claim 8 further comprising the
step of -*

discontinuing the ringing of the principal station after

generation of the callback message responsive to

- receipt of the activating signal from the calling

station while ringing the principal station.

10. The invention of claim 1 wherein the station 1den-
tity stored in the callback message is of the station re-

determined algorithm based on the station from o questing callback from the principal station and the

which the activating signal was received,
storing the callback message in the memory, and
automatically operating a message waiting indication
for the principal station signifying the presence of
the stored message.
2. The invention of claim 1 wherein the system has
provision for redirecting the call to a call covering one
of the stations under prescribed circumstances, and the

63

message generating step further comprises
treating the calling station as the station requesting
callback responsive to receipt of the activaiing
signal from the calling station.

11. The invention of claim 1 wherein the station 1den-
tity stored in the callback message is of the station re-
questing callback from the principal station and the
message generating step further comprises
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treating the ca.llmg station as the station requesting
callback responsive to receipt of the activating
signal from the principal station.

12. The invention of claim 1 wherein the telephone
system has provision for redirecting the call from the
orincipal station to a call covering station under pre-
scribed circumstances, the station identity stored in the
callback message is of the station requesting callback
from the principal station, and the message generatmg
step further compmﬁs

treating the c{wenng station as the statmn requesting

callback reservoir to receipt of a first type of said
activating signal (LWC) from the covering station
after call redirection.

13. The invention of claim 1 wherein the telephone
systern has provision for redirecting the call from the
principal station to a covering station under prescribed
circumstances, the station identity stored in the callback
message is of the station requesting callback from the
principal station, and the message generatmg step fur-
ther comprises

treating the callmg station as the station requesting

callback responsive to receipt of a first type of said
activating signal (COVERAGE CALLBACK)
from the covering station after call redirection.

14. The inventiion of claim 1 further comprising the
step of
- alerting the signal activating station of the successful

- storing of the callback message.

15. The invention of claim 14 wheram the alertmg_

step comprises the step of
automatically lighting a callback lamp at the signal
activating station.

16. The invention of claim 14 wherein the alerfing
step comprises the step of

applying a confirmation tone to the signal activating

station.

17. The invention of claim 12 or 13 wherein the
method further comprises the step of

automatically alerting the covering station of the

successful storing of the callback message.

18. The invention of claim 17 wherein the alerting
step further comprises the step of lighting a callback
lamp at the covering station.

19. The invention of claim 1 wherein the signal acti-
vating station is equipped with a callback message acti-
vation button for generating the activating signal.

20. The invention of claim 1 wherein the activating
signal is a prescribed dial access code.

21. The invention of claim 1 or 13 wherein compris-
ing the step of verifying before callback message gener-
ation that the signal activating station 1s authorized to
activate callback message generation.

22. The invention of claim 22 further comprising the
step of

storing in the memory an indication (LWC-SNID-

ASG) for each station served by the system defin-
ing whether or not the station 1s authorized to
activate callback generation, and interrogating the
indication before generating a callback message.

23. The invention of claim 21 further comprising the
step of

alerting the signal activating station that callback

message generation 1s denied if the activating sta-
tion 1s not authorized.

24. The invention of claim 1 further comprising the
step of
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responsive to receipt of a cancellation signal and
identity of the principal station from the station
whose identity is stored in the callback message,
initiating cancellation from the memory of the
callback message.

25. The invention of claim 24 further comprising the

step of

verifying that the station whose identity is stored in
the callback message is authorized to request can-
cellation of callback messages.

26. The invention of claim 25 wherein the methed

further comprises

storing an indication (MSG-LCK-ASG) for each
station served by the system of whether or not the
station is authorized to be placed in 2 Iocked state
in which message cancellation from that station is
unauthorized, and wherein the cancellation ver 3fy—
ing step further comprises

determining if the station whose identity is stored in
the callback message is authorized to be locked,
and, if so,

determining if the last mentioned station is in a locked
state. | |
27. A method of providing call mess&ge Service 1o a
customer premises telephone system having a memory
and serving a plurality of stations, comprising the steps
of
after an off-hook state and before an on-hook state at
a calling one of the stations,
automatically generating a callback message for a
principal station responsive to receipt of an activat-
“ing signal from a station selected from the follow-
ing list of stations:
(1) the principal station;
(2) the calling station;
(3) a station to which the call has been redawctad by
the system; and
including in the callback message the identity of a
station requesting a callback from the principal
station and being selected from the following list
according to a prescribed algorithm:
(1) the calling station; -
(2) the station to Whmh the call was redirected.
28. A call message service arrangement in a telephone

 system for serving a plurality of stations, comprising
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a main processor (107,

a memory (108),

first means (207, 318, 3191) associated with em,.h sta-
tion for activating the call message arrangement,

message waiting alerting means (?#B@ 300) at each of
the stations, and

program means (Fl(S. M-—-M) stored in the ma...mory
operative to control the main processor responsive
to an operation of the first call message activating
means at an activating station associated with a call
intended for a principal station for

(a) generating a callback message including the den-
tities of the prmclpal station and one of the stattons
having a prescribed association with the call and
requesting a callback from the principal station,

(b) storing the callback message, and |

(c) operating the alerting means at the principal s{a-
tion.

29. The invention of claim 28 further comprising

an applications processor (103),

a secondary memory (113) associated with the appli-
cations processor, and
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a data channel (110, 111) interfacing the main and 34. The invention of claim 32 wherein the confirming
applications processors and wherein said program  means further comprises
means for generating the callback message further means for initiating application of a tone signal to the
comprises means (SND_STOR) for initiating trans- activating station. N
mittal of the callback message to the applications 3 35. The invention of claim 28 further comprising
processor for storage in the secondary memory. program means (FIGS. 27, 29) for initiating cancella-
30. The invention of claim 28 further comprising tion of callback messages pertaining to the princi-
memory means (LWC-SND- ASG) for storing an pal and activating stations responsive to receipt of

a cancellation signal and a telephone number iden-
10 tifying the prmc1pal station from the activating
station.
36. The invention of claim 35 wherein the cancella-
tion signal is a prescribed dial access code.
37. The invention of claim 36 further comprising
program means (FIG. 31) for placing the activating
station in a locked state responsive to a lock signal
from the activating station, and said program
means for initiating the cancellation of callback

indication of authorization of the first signal acti-
vating station to request callback message genera-
tion, and the program means for generating the
callback message further comprises
‘means (2203, 2705, 2801) for verifying the authoriza-
~ tion of the activating station. (s
31. The invention of claim 28 further comprising
memory means (LWC-RCV-ASG) for storing an
indication of authorization of the principal station

to receive callback messages, and the program messages further comprises

means for generating the callback message further ,, program means (2910, 2911) for denying message

COmprises cancellation from the activating station when the
means (2304, 2604, 2810) for verifying the authonza- activating station is in a locked state.

tion of the principal station. 38. The invention of claim 37 wherein the lock signal
32. The invention of Clﬂlm 28 further COIIlpl'lSlllg comprises a prescribed dial access code. |

program means (2216, 2217, 2312, 2313, 2314, 2609, >5 39, The invention of claims 28 or 35 wherein the
2815, 2907, 2908) for confirming the storage of the = program means for operating the alerting means further

callback message to the activating station. comprises
33. The invention of claim 32 wherein the confirming means (FIG. 30) for deactivating the principal station
means further comprises | alerting means responsive to a deletion of all call-
means for initiating the lighting of a lamp associated 30 back messages for the principal station.
‘with the activating means at the activating station. A
335
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,476,349
DATED : October 9, 1984 |
INVENTOR(S) : Jennie L. Cottrell and Deborah J. Hill

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
carrected as shown below:

Column 11, line 23, "EXT" should read —-EKT--. Column 15,
line 9, "is" should read --for--. Column 17, 1ine 8, "12309
VDA CHK" should read --1309 if a display set is present,
and at step 1310 subroutine CVDA CHK--., Column 23, lines
31-32, "AMW_BTNléID" should read --AMW BTN ID--. Cclumn 23,
line 38, "AI~1$‘J14APP2" should read ~--AMW APP2--. Column 24,
line 15, "princiola" should read --vrincipal--. Coclumn 28,
lines 54-55, "gfter generation of the callback message"
snould be deleted. Column 29, 1line 12, "reservoir" should

read --responsive--. Column 29, line 51, "wherein" should

read --further--.

Signed and Sealed this

Twentieth D a )’ O f August 1985
[SEAL]
Artest:

DONALD J. QUIGG

Attesting Officer Acting Commissioner of Patents and Trademarks
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